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ABSTRACT 
 
The demand to meet food security goals drives production of modern row-crop 
agriculture to areas of marginal land. Intensive management of marginal cropland accelerates 
instances of soil erosion and nutrient leaching. Multifunctional land use strategies are needed to 
mitigate environmental impacts and as well as information tools to facilitate their 
implementation. Considering both farmer motivations and rural development needs, one option 
is to transition marginal farmland to perennial crops.  In this study, we considered the potential 
for Multifunctional Perennial Cropping Systems (MPCs) that would simultaneously provide 
production and conservation benefits. We examined adoption potential of MPCs on marginal 
farmland through an agricultural landowner survey in the Upper Sangamon River Watershed 
(USRW) in Illinois, USA. We identified adoption preferences among landowners in conjunction 
with socio-demographic characteristics that would facilitate targeted implementation. 
Hierarchical cluster analysis (HCA) and discriminant analysis identified landowner categories 
and key factors affecting adoption potential. Landowner age, appreciation for plant diversity, and 
future farm management involvement were the strongest predictors of potential MPCs adoption. 
The landowner categories identified within the survey data, supplemented with focus group 
discussions, suggested a high adoption potential farmer profile as a young, educated landowner 
with known marginal land they would consider converting to MPCs for improved soil and water 
quality conservation. 
Additionally, we developed a suitability map for use as a management tool to target areas of 
marginal cropland for potential transition to perennial crop production.  We deployed a rule-
based model for MPCs implementation on agricultural land in Central Illinois. Model 
estimations were based on current marginal land definitions, soil erosion distribution, and 
landowner adoption preferences identified from the survey. Maps of soil erosion and landscape 
characteristics were spatially analyzed in a GIS and parameterized to encode the magnitude of 
each variable’s effect on MPCs suitability. In the application for the Upper Sangamon River 
Watershed (USRW), the model identified 267 km2 of high erosion zones, particularly in the 
Northeastern section of the watershed and land areas south of the Sangamon River. The spatial 
distribution of target areas was often where crop productivity was low, topographic potential for 
erosion was high, and edges of roads and waterways identified small fields. In a future scenario 
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in which MPCs would be implemented on all identified target regions, soil erosion in the USRW 
was estimated to be reduced 56%. Based on research goals and current knowledge, this model 
provides a simple and effective management tool for identifying priority areas for MPCs 
implementation.   
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CHAPTER 1: IDENTIFYING BARRIERS AND MOTIVATORS FOR ADOPTION OF 
MULTIFUNCTIONAL PERENNIAL CROPPING SYSTEMS BY LANDOWNERS IN THE 
UPPER SANGAMON RIVER WATERSHED, ILLINOIS 
 
 
1.1 ABSTRACT 
The demand on agriculture to meet food security goals and mitigate environmental 
impacts requires multifunctional land use strategies. Considering both farmer motivations and 
rural development needs, one option is to transition marginal farmland to perennial crops.  In this 
study, we considered the potential for Multifunctional Perennial Cropping Systems (MPCs) that 
would simultaneously provide production and ecosystem service benefits. We examined 
adoption potential of MPCs on marginal farmland through an agricultural landowner survey in 
the Upper Sangamon River Watershed (USRW) in Illinois, USA. We identified adoption 
preferences among landowners in conjunction with socio-demographic characteristics that would 
facilitate targeted implementation. Hierarchical cluster analysis (HCA) and discriminant analysis 
identified landowner categories and key factors affecting adoption potential. Landowner age, 
appreciation for plant diversity, and future farm management involvement were the strongest 
predictors of potential MPCs adoption. The landowner categories identified within the survey 
data, supplemented with focus group discussions, suggested a high adoption potential farmer 
profile as a young, educated landowner with known marginal land they would consider 
converting to MPCs for improved soil and water quality conservation. 
 
1.2 INTRODUCTION 
In order for agriculture to provide food, fiber, and fuel products to the growing 
population, landowners require strategic land management plans (Foley et al. 2011). The 2012 
USDA Agricultural Census reported 127 million hectares (ha) of harvested farmland (USDA 
NASS 2012). However 24.68 million ha of this land is unsuitable for conventional row crop 
production due to low productivity caused by issues such as soil erosion, proximity to 
ecologically sensitive areas, and topography (Cai et al. 2011; Gelfand et al. 2013). Marginal land 
that is unproductive for row crops may be better suited for multifunctional land use strategies. 
Alternative management systems using adaptive agricultural practices can improve production 
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and sustainability in the face of climate change and environmental mitigation pressure (Nair et 
al. 2010; Foley et al. 2011). A range of alternative systems and practices have been proposed, 
including agroforestry (Jose 2009; Malézieux 2012; Batáry et al. 2015).  
Multifunctional Perennial Cropping Systems (MPCs) are an example of agroforestry 
practices designed to achieve regulating services of vegetative buffers and other conservation 
habitats (Schaefer et al. 1987; de Snoo and de Wit 1998; Maisonneuve and Rioux 2001) and 
production goals for woody crops (Smith et al. 2011).  MPCs provide several options for 
marginal land management, and they can be designed to accommodate labor and investment 
limitations (Strong and Jacobson 2006). Despite the wide range of benefits and income 
diversification, adoption of perennial or agroforestry practices has been low (Pattanayak et al. 
2003; Trozzo et al. 2014).  For example, less than 1% of farms in the Upper Sangamon River 
Watershed (USRW) counties report income from harvestable perennials (USDA NASS 2012). 
Further research on preferences for marginal land management and information routes for new 
practices is needed to ensure MPCs adoption success (Barbieri and Valdivia 2010; Trozzo et al. 
2014; Varble et al. 2016).  
Previous research has emphasized the cultural influences that affect farmland adoption 
behavior with respect to social (e.g. neighbors, family, tenancy) and political trends (e.g. 
mandates, management policies), as well as personal motivations (e.g. ecosystem service 
valuation) (Pattanayak et al. 2003; Villamil et al. 2008; DeDecker et al. 2014). Demographic and 
economic traits, in connection with cultural values, are used to create typologies, or categories of 
landowners and farmers, that represent the heterogeneity of characteristics related to 
conservation behavior (Daloğlu et al. 2014) and agroforestry interest (Strong and Jacobson 2006; 
Barbieri and Valdivia 2010). The development of categories is a valuable targeting strategy for 
outreach efforts by predicting potential adopters of new practices (Pattanayak et al. 2003; 
Valdivia et al. 2012; Daloğlu et al. 2014). In agricultural regions with high land tenancy rates, 
the role of landowners in the farm management process is complex, and the viability of 
harvestable agroforestry systems, like MPCs, requires more exploration. We aimed to explore 
landowner preferences for ecosystem services and perennial production systems in conjunction 
with socio-demographic information to categorize landowners. We hypothesized that the needs 
of landowners regarding the motivators and barriers for adoption would vary depending on 
socio-demographic characteristics such as age and land tenancy. 
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1.3 MATERIALS AND METHODS 
1.3.1 Study Area 
The USRW is located in Central Illinois and drains approximately 3,000 square 
kilometers of land (ISWS 2015). The watershed is located in the Corn Belt, an intensively 
cropped region of the United States (Nickerson et al. 2012) (Figure 1.1). In 2015, 16,124 ha of 
corn and 13,512 ha of soybean were grown in the USRW, making up 79% of the 80% 
agricultural land in the watershed. The other major land uses were 10% developed areas and 9% 
grassland and forest (USDA NASS 2015). The watershed consists of portions of eight counties: 
Champaign, Christian, DeWitt, Ford, Macon, McClean, Piatt, and Sangamon. According to the 
USDA Agriculture Census, 6,866 farms operate in the counties, and the average farm size was 
190 ha (USDA NASS 2012). Farm size trends are consistent with those in the Corn Belt, where 
commercial farms dominate (Daloğlu et al. 2014). Macon and Piatt counties are the two counties 
with land area falling primarily within the watershed boundary.  In order to make comparisons 
between the survey sample and data from the USDA Agriculture Census (which mainly reports 
using political boundaries rather than watershed), data collection and comparison prioritized 
Macon and Piatt County (ISWS 2015). Both counties have similar demographic and farmland 
characteristics and are representative of the counties that make up the USRW, according to 
Agriculture Census data (USDA NASS 2012).  
Soil in the USRW consists primarily of silt loam and silty clay loam with high organic 
matter and a hardpan subsoil layer that requires tile drainage to prevent ponding of water and to 
allow cultivation of annual row crops such as corn and soybean. The majority of the USRW is 
underlain with tile drainage systems, and combined with fertilizer applications common with 
conventional agriculture, waterways are prone to high nutrient concentrations. The nutrient 
runoff levels in the USRW are higher than surrounding watersheds, and non-point source 
pollution, typically from agriculture, is 1.84 to 2.76 Nitrate-N kg/ha/year and 0.09 to 0.18 
Phosphorus kg/ha/year (Anbe 2004). The elevated levels have led to concerns with cropland 
management, especially in Macon County where Lake Decatur has consistently exceeded the 
Illinois Environmental Protection Agency drinking water standard of 10 mg/L of nitrate-N  
(Keefer et al 2011). As a result of these issues, local and state government entities are exploring 
and promoting alternative agricultural systems such as MPCs for appropriate mitigation. 
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1.3.2 Data collection 
The survey instrument investigated landowner barriers and motivators for implementing 
new cropping systems and explored the viability of MPCs, specifically on marginal land. The 
target population was agricultural landowners whose property was located in the USRW. County 
assessor’s offices provided addresses of the 1,500 agricultural landowners in the watershed, 
excluding land trusts and bank landowners. The self-administered mail and online survey was 
developed and administered following the guidelines outlined by Dillman et al. 2009. A selection 
of farmers participating in an agroforestry case study program (Savanna Institute 2016) 
volunteered to test the survey materials for validity. Survey data collection occurred from 
February 2015 through April 2015. An initial letter sent to landowners introduced them to the 
MPCs project and invited them to participate in the survey. The survey packet with return 
envelope was mailed the following week. Farmers had the option to complete the survey online 
at https://cropland.wufoo.com/forms/farm-survey/. A follow-up postcard was mailed 3 weeks 
later reminding non-responders to complete the survey by April 30th. A second method to recruit 
more respondents was a flyer in the February 2015 Farm Week for Macon and Piatt County that 
invited additional survey participants. Agricultural landowners are more likely to complete a 
survey if it is associated with familiar agricultural businesses and information sources (Pennings 
et al. 2002). 
The format of the survey included four sections. The first section contained multiple 
choice and fill-in-the-blank questions on marginal land acreage and type. Likert scale questions 
measured preferences for seven types of MPC systems and valuation of ten ecosystem services. 
Likert questions were rated on a scale of 1 to 5, with lower scores indicating lower preferences.  
The second section contained questions on information routes, incentives, and agronomy-related 
needs to explore the motivators for or against adoption of new cropping systems. Also included 
was a series of questions on leasing arrangement preferences because land tenancy has been 
shown to be an important factor when deciding land management (Soule et al. 2000; Petrzelka 
and Armstrong 2015; Varble et al. 2016). There are two basic forms of farmland leases. Crop 
share is an arrangement in which the payment to the landowner from the renter is a share of the 
physical output, and cash rent has a fixed monetary sum as payment for the use of the land 
(Allen and Lueck 2005). The third section matched the USDA Agriculture Census format and 
gathered demographic information. The final section contained open-ended questions that 
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provided respondents the opportunity to give unstructured thoughts on issues related to MPCs 
adoption. These responses were not included in the statistical analysis.  
1.3.3 Focus groups 
Focus groups were held in October 2015 following the initial review of survey data to 
gain greater insight into landowner and stakeholder attitudes towards new cropping systems. The 
focus groups allowed for unrestricted discussion of several topics identified as important by the 
survey: government funded agricultural programs, tenant/landowner relationships, and decision-
aid tools such as precision agriculture. Focus groups were conducted at the Macon County 
Illinois Extension office and the Piatt County Farm Bureau office. The first focus group had five 
landowners, one Extension Specialist, and one non-governmental organization member. The 
focus group included a demonstration using the online tool EnviroAtlas from the Environmental 
Protection Agency (Pickard et al. 2015). Mapping tools were hypothesized to be an adoption 
decision-aide and landowner interest, and aptitude using a web-based mapping tool was tested. 
The second focus group consisted of one landowner and three non-governmental organization 
members. Discussions were audio recorded and transcribed. The focus group protocol and 
summary of discussion followed the guidelines given in Focus Group Interviewing by Krueger 
and Casey in the Handbook of Practical Program Evaluation (2010).  
1.3.4 Survey Data and Analysis 
Survey results were compiled into a Microsoft Excel database for data cleaning and 
exploration. Summary statistics describing the MPCs survey sample are presented in Table 1.1. 
Data were analyzed using Statistical Analysis Systems software, version 9.4 (SAS Institute, Inc. 
2013) using two complementary multivariate statistical methods. First, a discriminant analysis 
reduced the survey data to a subset of variables most important for determining whether a 
respondent (observation), was a high (population 1) or low (population 2) potential adopter. To 
do so, the analysis requires each observation’s population to be known. In the survey, 
respondents were explicitly asked whether they would convert land to MPCs. If they answered 
“yes”, they were considered the “high potential adopter” population, and if they answered “no” 
they were the “low potential adopter” population. The discriminant analysis used the survey 
dataset with population 1 and 2 and created a model to predict the population of each 
observation. N-fold cross-validation was applied for forming the discriminant rule using Fisher’s 
approach. Stepwise selection maximized parsimony for determining adoption potential by 
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identifying the variables that produced the highest F score through ANCOVA, where the 
significance level for entry was 0.3, and the significance level for staying was 0.15.  
Next, a hierarchical cluster analysis (HCA) explored underlying constructs in the survey 
data to identify distinct agricultural landowner categories based on measures of ecosystem 
service valuation, preferences for perennial cropping systems, and motivations for adoption. 
HCA took into account the similarity of survey respondent answers without knowledge of preset 
population groups. Ward’s minimum variance method was used to determine clusters, because it 
limits over-connected clusters or compacted clusters.  
The HCA procedure started with each respondent as a single cluster, and then 
hierarchical grouping reduced the number of clusters iteratively while maximizing their 
similarity based on the measured characteristics of survey responses. This outcome was achieved 
by reducing the number of clusters in an order that caused least impairment of the between 
cluster sum of squares (BSS). Cluster number was chosen based on the BSS, R-squared value, 
and averaged values of characteristics for each cluster. An additional discriminant and stepwise 
analysis was conducted on the resulting clusters to provide a subset of key variables to assess for 
significant differences between clusters. ANOVA tests were used for continuous data, including 
Likert scale questions treated as interval data, and Chi-square tests were used for categorical 
data. Landowner categories were evaluated for adoption potential of MPCs based on the number 
of high and low potential adopters in each group and divided into high, medium, and low.  
 
1.4 RESULTS AND DISCUSSION 
1.4.1 Demographics and MPCs potential 
Of the 1305 surveys sent, a total of 120 were returned or submitted online, for a response 
rate of 9.2%. Out of the total sample pool, 21 were returned less than 50% complete, giving a 
refusal rate of 17.5%, with 99 responding for a final response rate of 7.6%. The survey target 
audience were agricultural landowners, and considering that the USRW has a high land tenancy 
rate, with 60% of agricultural land rented or leased (USDA NASS 2012), it is a convenience 
sample. Because comparable data were available through the USDA Agricultural Census, we 
were able to measure how representative our sample was of the actual USRW population. The 
demographic data from the survey results showed similar trends to the Agriculture Census data 
(Table 1.1). The survey sample matches the trend of the increasing age of farm operators; those 
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older than 65 were 46% of the USRW sample population, whereas statewide for Illinois they 
made up 18.1% (USDA NASS 2012). Regarding land tenancy, about half of the survey 
respondents lease land to others, with an average 81.6% of land owned being leased out (n=48).  
MPCs may first be adopted on marginal cropland, and a majority of respondents stated 
that they have some portion of marginal land (62.5%, n=96), reporting an average of 7 ha 
(SD=6.1, n=52). The most popular use for marginal land was enrollment in conservation 
programs, with 35% of marginal landowners (n=60) having 16 ha enrolled (SD=29.2, n=20). 
Approximately one third of the respondents said they would convert their marginal land to 
MPCs, an average of 13.2 ha (SD=35.4, n=32), indicating marginal land as a motivator for 
MPCs adoption. Respondents also gave their preferences for types of MPCs systems, and 
bioenergy received the most positive response (n=84) (Figure 1.2).  
There was a significant difference between respondents that said ‘yes’ to converting to 
MPCs based on their land leasing arrangement, with landowners leasing a low proportion of their 
land out being more likely convert marginal cropland to MPCs (P=0.01). The landowners’ land 
tenancy status and its affect on their land management style was highlighted in the open-ended 
portion of the survey. When asked how they felt about their current farming practices, several 
respondents clarified that they were non-operators, or did not make farm management decisions. 
They offered answers such as “I cash rent [to others] all land and do not personally have any 
farming practices” and referred instead to their tenant’s practices. Another barrier for MPCs 
adoption was lack of information, as landowners reported information as the incentive needed 
most for them to consider MPCs adoption. Regarding farming concerns, landowners most often 
sought information from agricultural seed and chemical suppliers.  
1.4.2 Valuation of ecosystem services 
The highest ranked ecosystem services were soil (89.2%) and water quality (81.7%) 
(n=93) (Figure 1.3). When asked how the environment influences farming decisions, a 
representative response of landowners was: “we work to maintain healthy fields and implement 
waterways and other erosion controls where needed.” Agricultural run-off and soil loss were 
often reported important 85.9% (n=92), and many respondents indicated improvement of soil 
management and water quality as motivators to try MPCs. Landowners indicated they try to 
maximize profits by managing soil health with well-timed inputs and system management (e.g. 
soil tests, hydrology management, crop rotation). Landowners also showed concern about tenants 
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managing soil health and fertility, such as minimizing soil erosion with tillage methods 
(conservation tillage, minimum tillage, or no till). The overall awareness and valuation of 
ecosystem services shown by respondents indicates proper land management as a motivation for 
landowners and opportunity for multifunctional land use strategies. 
1.4.3 Focus groups 
The consensus by focus group participants was that MPCs had potential, but two major 
barriers exist. To support the production of MPCs crops, developed markets and infrastructure 
are needed, including a labor force willing to learn and manage MPC systems. Participants 
expressed agreement that educating the next generation of farmers about MPCs could create that 
labor force.  Major concerns about governmental regulations were voiced, and both farmer 
operators and NGO representatives agreed that new cropping systems could be used to comply 
with mitigation mandates and policies (Anbe 2004; EPA 2015).   
1.4.4 Multivariate Analysis 
Multivariate analysis explored the underlying characteristics of the survey sample for 
landowner categories, using discriminant analysis and HCA to determine landowner 
characteristics that would best identify high potential adopters of MPCs. The discriminant 
function correctly classified potential adopters 69% and non-potential adopters 88% of the time. 
The survey questions most important for predicting adoption potential were: future involvement 
in farm management decisions, willingness to sublease portion of land to a MPCs farmer, 
willingness to plant harvestable perennial crops once a government conservation program 
contract was over, likelihood of enrolling in a government conservation program if products 
could be harvested from it, and valuation of plant diversity conservation on farmland.  
The HCA resulted in six distinct clusters with an R-squared of 0.80 (Figure 1.4). The six 
clusters represent landowner categories identified in the USRW, and each category was 
interpreted based on average values for variables and was considered for high or low adoption 
potential (Table 1.2). Conclusions on significant differences between clusters were made using 
ANOVAs for continuous and Likert scale data and Chi-square tests for categorical data (Table 
1.3). Greatest parsimony may have been found with four clusters (Figure 1.4), however, more 
information was lost as the characteristics of respondents were averaged within fewer clusters, 
and a reduction from six to four clusters resulted in a higher BSS and diminished R-squared. Six 
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clusters achieved the goal of classifying respondents into both statistically strong clusters and 
practical categories to describe the USRW agricultural landowners. 
1.4.5 Landowner Categories 
The HCA excluded respondents with missing data (not including optional and text 
response questions), resulting in 79 successfully clustered respondents.  
Educated Networkers Cluster A comprised 22.8% (n = 18) of the sample and contained 
the majority of high potential adopters. Cluster A will be referred to as “Educated Networkers” 
(EN). Landowners in Cluster A reported the highest average education levels with 14 
respondents having a bachelor’s degree or higher. Members of Cluster A were most likely to 
report farming as their secondary occupation (86.7%), and most interested in working with 
neighbors and selling farm products locally. EN were most willing to use a perennial cropping 
system if their neighbor was, and they would be most interested in joining a cooperative 
agreement for creating a connected network of MPCs. EN highly rated the importance of 
ecosystem services. Environmental awareness was highlighted in a respondent comment about 
his farming management as “too chemical rich… I am a career physician concerned by urea rates 
in [my] county.” Another respondent also had chemical use concerns: “resistant weeds are the 
800 pound gorilla in the room…land diversification will be necessary and critical.”  EN were 
most interested in nut perennial cropping systems, were willing to wait the longest for a 
perennial crop harvest, and they most highly valued the need for a well-established market for 
perennial crop products. 
Young Innovators Cluster B contained 13.9% (n = 11) of the sample, and 72.7% of 
them were identified as high potential adopters. Cluster B had the youngest average age for the 
landowner at 39 years old, and they indicated the greatest interest in perennial cropping systems. 
Cluster B will be discussed as the “Young Innovators” (YI). YI was the only cluster to indicate 
high involvement in decision-making for both current and future farm management. They 
reported high marginal and conservation land area, and they scored highest for interest in hay 
and bioenergy MPCs. This result highlights an opportunity for introducing perennial grasses for 
marginal land management and yield. One YI commented, “I’m interested in diversified crop 
mixes that take some of the burden away from row crops to cover [farming operation] costs.” 
Small Conventional Cluster C was the largest group, comprising 27.8% (n = 22) of the 
sample, and 63.6% of cluster C were classified as high potential adopters. Landowners in this 
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cluster had the smallest average farms size at 78.9 ha. Cluster C will be referred to as the “Small 
Conventional” (SC) cluster due to the emphasis among its members on a strong conventional 
farming identity. The SC landowners reported high involvement in management of their 
cropland, highlighted by their preference for crop share leasing arrangements, which bases the 
income received by the landowner on the yield produced by the land. Thus the landowner has a 
higher stake in the land management decisions (Soule et al. 2000). Water quality and agricultural 
run-off was a motivator for this group to try MPCs, with the majority of their marginal land 
classified as riparian zones. 
Large Conventional Cluster D contained 15.2% (n = 12) of the sample and exhibited 
moderate potential for MPCs adoption, with high potential adopters making up half of the 
cluster. They had the oldest average age at 82 years. The strong conventional farming identity 
and larger relative acreage to SC was also a characteristic of Cluster D, thus it is named “Large 
Conventional” (LC). The valuation of ecosystem services by LC reflected a strong conventional 
mindset, where soil and insect control were scored highest and all other ecosystem services were 
scored as relatively unimportant. As one landowner expressed, “environmental concerns are 
important, but many environmental plans go too far and are unrealistic.” An adoption challenge 
with the LC are their low reported acreage of marginal and conservation land. With larger farms, 
these landowners could utilize precision agriculture data to show where perennial cropping 
systems would be most needed.  
Money Motivated Cluster E comprised 11.4% (n = 9) of the sample. Less than half the 
respondents in this cluster were high potential adopters. Cluster E is considered “Money 
Motivated” (MM), because the most defining characteristic of this group was the land tenancy 
arrangements. Two-thirds of respondents in this group were most likely to prefer cash rent, an 
arrangement where the landowner receives a fixed rent payment irrespective of crop yield. All 
MM preferred long-term lease contracts, with about half leasing out 100% of their farmland, and 
about half relying on off-farm income. MM had generally positive valuation for ecosystem 
services, and the majority were uninterested in perennial cropping systems.  
Hands-off Cluster F was the smallest group comprising 8.9% (n = 7) of the sample, and 
all respondents were classified as low potential adopters. Cluster F will be “Hands-off” (HO) due 
to their preference for cropping systems with low labor and time requirements. Members of HO 
reported the lowest scores for ecosystem services valuation and low willingness to work with 
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neighbors and to network in the rural community. When asked about selling to local markets, 
respondents indicated they were “not willing due to age and time needed” and “not willing, too 
labor intensive.” HO landowners were not willing to wait more than one year for a crop to be 
harvested, and had the lowest interest in perennial cropping systems. Their ties to annual systems 
was highlighted in the income data, where 71% of HO reported 90 to 100% of their income was 
from corn soy production.  
1.4.6 Diversity in the USRW related to age, land tenancy, and farm size 
The high number of landowner categories identified by the HCA implies a diversity of 
attitudes across sociodemographic characteristics. For example, age played a significant role in 
classifying attitudes towards MPCs for nearly all categories (Figure 1.5), as seen in previous 
research (Strong and Jacobson 2006; Arbuckle et al. 2009). Focus group discussions also served 
to verify important motivators and barriers for MPCs adoption. 
Land tenancy influences adoption of new practices (Soule et al. 2000; Daloğlu et al. 
2014; Varble et al. 2016), and this factor was generally shown to be an adoption barrier for 
MPCs. The survey found that 35% of respondents rented out 90% or more of the land they 
owned (n=99), and seven respondents reported they are not the farmer of the property. This 
result suggests these are absentee landowners, or non-operators that own but do not permanently 
reside on their farmland. One respondent, from Educated Networkers, commented: “Cropping 
decisions are made by the tenants, and are conventional corn and beans. I realize that's probably 
not optimal for the land, but 'everybody's doing it', and I feel like I should give the tenants 
freedom to farm their way.” The types of leasing arrangements were also found to affect 
adoption potential. Cash rent incentivizes greater tenant effort in managing the farm operation 
but also incentivizes overuse of the land. Landowners with crop share lease arrangements are 
more invested in the success of the farm operation than those with cash rent (Allen and Lueck 
1995; Soule et al. 2000; Fukunaga and Huffman 2009). The values of landowners preferring crop 
share lease arrangements could be compatible with MPCs.  
Another demonstration of land tenancy that affects landowner adoption preferences is 
information and experience with the new land practice. Greater knowledge of a system is not 
always correlated with higher adoption rates. In a comparison of attitudes of  absentee 
landowners versus operators, absentee landowners have more positive attitudes towards 
conservation practices, potentially due to naivety regarding management requirements (Nassauer 
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et al. 2011; Daloğlu et al. 2014). In this regard, information is the limiting factor for increasing 
adoption rates of absentee landowners. The need for information incentives by the MPCs survey 
respondents reiterates information availability as agroforestry adoption barrier (Strong and 
Jacobson 2006; Barbieri and Valdivia 2010; Villamil et al. 2012).  
Another factor that has previously been identified as relevant for the implementation or 
extent of agroforestry is farm size (Lovell et al. 2010; Trozzo et al. 2014). While there was no 
significant difference in farm size between the USRW landowner categories, the non-response 
bias where fewer landowners of large farm sizes responded to the survey infers that small and 
medium sized farms have greater interest in MPCs. In the U.S., small farms less than 72.8 ha, 
make up 20% of agricultural land area and 85% of the number of farms (USDA NASS 2012). 
Small farms are also the recipients of most government conservation payments (Hoppe et al. 
2010). Survey respondents and focus group participants indicated harvesting land enrolled in 
government conservation programs as an adoption motivator. If conservation land was planted 
with perennial crops that take multiple years to establish, the planting could fulfill the 
conservation needs while providing additional crop products once the contract was over (3 to 15 
years). Focus group discussions concluded that converting conservation land to MPCs is a viable 
land management option once conservation contracts expire. Due to the large number of small 
farms and their contribution to rural communities, practices such as MPCs that introduce local 
products and diversify farm operations can facilitate rural development (Alavalapati et al. 2004; 
Rosset and Martínez-Torres 2012; Liebman et al. 2013). There is potential for this to occur in the 
USRW, as the majority of focus group participants and the Educated Networkers category 
indicated willingness to sell their farm products to local markets.  
1.4.7 Limitations 
The survey results provide valuable information to target landowners for MPCs adoption, 
however, the generalizability of the results are somewhat limited by non-response bias. The 
survey respondent dataset did not capture the full scope of landowners in the USRW, under-
sampling large farms. While 12% of Illinois farms are greater than 404.7 ha, only 2.2% of MPCs 
respondents’ farms were of that size (Table 1.1). The non-response bias from large farm 
landowners could be due to the characteristic of mailed and mixed mode surveys to receive 
higher response from those interested in the survey topic (Dillman et al. 2009). The overall low 
response of the survey could be attributed to this as well because surveys were mailed to the 
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owners of the agricultural land. Due to 60% of the USRW farmland being leased, the landowner 
may not be a non-operator (Petrzelka and Armstrong 2015; USDA NASS 2012).  
1.4.8 Research Implications 
The agricultural landowner categories can be used to prioritize implementation efforts for 
agroforestry and MPCs through information tools and outreach. Efforts can prioritize landowners 
that match the high potential adopter profile and then make use of the identified motivators and 
barriers of MPCs adoption.  The high potential adoption landowners are generally of a younger 
age and a higher education level. They highly value the conservation of plant diversity on their 
farmland and have high valuation of soil and water ecosystem services. Natural resource 
professionals or conservation organizations could reach out to the landowners with 
environmental motivations to present MPCs as a practice to enhance ecosystem services 
(Malézieux 2012). High adoption potential also exists where landowners are highly involved in 
farm management decisions and have known marginal land area. A conclusion made by focus 
group participants was that in cases where landowners do not report marginal areas, an 
information tool such as precision agriculture could help them identify marginal land.  
Connecting with the conventional farming identity categories for MPCs implementation 
may be a challenge because it is a characteristic found to negatively influence agroforestry 
adoption with absentee landowners (Arbuckle et al. 2009). However, one motivation identified 
for the Small Conventional and Large Conventional categories is mitigation of agricultural 
runoff, a function provided by perennial systems (Lee et al. 2003). This motivation may originate 
from government policies related to the environmental impacts of agricultural practices (Anbe 
2004; EPA 2015). Focus group participants also came to this conclusion. One farmer said: “I 
would choose to do it [mandated practice] now while I had the choice, before the government 
gets involved.” A major socio-economic barrier was identified in landowners that prioritize 
financial and economic characteristics of a cropping system, such as thodse in Money Motivated 
and Hands-Off categories, because they are less likely to adopt agroforestry (Arbuckle et al. 
2009). The adoption potential may remain low for these landowners until the infrastructure and 
market to support MPCs products is developed. 
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1.5 CONCLUSIONS 
In this study, we sought to identify how farmer socio-demographics and attitudes 
influence willingness to implement new land use systems and conservation practices, specifically 
for marginal land management. The high number of landowner categories identified in the 
USRW indicated a diversity of landowner types, each with socio-economic barriers and 
motivators pertaining to age and land tenancy status. Landowners with high adoption potential 
are motivated by improving ecosystem services on their land, whether in soil and water quality 
conservation or increasing biodiversity. Governmental policy and regulation pressures also 
provide motivation for MPCs adoption, as well as known marginal cropland area. Barriers are 
the lack of strong economic incentives, information and experience for MPCs, and an established 
market for MPCs. 
The traits of landowners and farmers found to be most important for MPCs adoption 
potential match previous findings. Behavior and implementation studies are needed next to 
investigate adoption methods for new land practices. We need to determine which methods result 
in adoption success and test outreach on identified key groups, such as absentee landowners 
(Petrzelka et al 2014). The next step for MPCs research is to work with individual landowners 
identified from the high potential adopter categories to develop custom MPCs for their property. 
Interviews will explore participant design preferences, adoption behaviors, and decision making 
throughout the innovation-decision process. Areas of opportunity for MPCs in the USRW will be 
identified, utilizing marginal land area mapping and an economic analysis for a MPCs market.  
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1.6 TABLES AND FIGURES 
 
MPCs Variable n value USDA Census n value 
Sample population 
(count) 
  120 Population (count)   10062 
     Age in years n=9
6 
 
  n=686
6 
 
         Mean   63.0     58.6 
         SE   1.3     - 
     Distribution (%) n=9
7 
 
  n=686
6 
 
         <44    11.5     14.9 
         45-54    8.3     21.7 
         55-64    34.4     30.7 
         >65    45.8     32.7 
Gender (%) n=9
8 
 
  n=100
62 
 
     Male   83.7     78.2 
     Female   16.3     21.8 
Farming as Occupation 
(%) 
n=9
8 
 
  n=686
6 
 
     Primary   42.9     55 
     Secondary   57.1     45 
Farm Size Owned (ha) n=9
3 
 
Land Operated (ha) n=353
6 
 
         Mean   83.8     46.8 
         SE   10.0     - 
 Distribution (%)   
 
Distribution* (%) 
 
          <49   31.2     44.8 
          50-179   33.3     17.1 
          180-499   24.7     14.7 
          500-999   8.6     10.9 
          >1000   2.2     12.6 
 
Table 1.1 Comparison of demographic characteristics and farmland between MPCs respondents 
and the principal operators in the USRW counties or the Illinois population (USDA NASS 
2012). *Reporting of NASS data in parallel format and at county level not available; Illinois 
statewide data for acres operated in place of acres owned (USDA NASS 2012).  
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Name  Educated Young 
Small 
Conventional 
Large 
Conventional 
Money 
Motivated 
Hands-Off     
Category  A B C D E F     
Potential  High High Medium Medium Low Low 
    n  18 11 22 12 9 7 
 
n Statistical Values 
Gender (count) 
        
79 X²=1.1428 p=0.2851 
     Male   16 11 19 9 6 7     
     Female   2 0 3 3 3 0     
Age in years: mean (SD)   64.2 (2.1) 39.3(3.6) 54.9 (2.3) 80.7 (3.7) 70.9 (1.8) 65.4 (2.7)  79 F=297.88 P<0.0001ᵃ 
    Count Distribution            
       <44    0 11 0 0 0 0     
       45-54    0 0 8 0 0 0     
       55-64    9 0 14 0 0 3     
       >65    9 0 0 12 9 4     
Has off-farm income (count)   10 4 11 8 5 4  79 X²=0.3741 p=0.5408 
Owned hectares: mean (SD)   75.4 (100.8) 260.2 (590.8) 78.7 (108.4) 334.9 (279.5) 76.1 (40.1) 98.8 (64.2)  79 F=1.10 p=0.3659 
    Count Distribution            
        <49    7 4 9 2 0 0     
        50-179    6 1 6 3 6 3     
        180-499    4 4 4 5 3 4     
        500-999    1 1 3 1 0 0     
        >1000   0 1 0 1 0 0  79 F=0.73 p=0.6008 
Marginal hectares          49 F=1.15 p=0.3468 
    mean (SD)   7.4 (9.5) 31.5 (69.2) 9.6 (10.8) 8.2 (4.4) 9.0 (10.6) 39.8 (49.9)     
    n   12 8 15 7 3 3     
Conservation hectares           18 F=3.82 p=0.0265ᵇ 
    mean (SD)   10.0 (12.7) 40.2 (52.8) 2.8 (2.5) 0.4(0.6) 5.3 (4.0) -     
    n   5 3 5 2 2 1     
Hectares leased to others          78 F=1.44 p=0.2216 
    mean (SD)   34.6 (63.8) 242.6 (597) 42.7 (97.2) 60.0 (55.8) 48.5 (43.0) 18.5 (34.0)     
    n   18 11 22 12 8 7     
ᵃ Pairwise shows that all clusters are different except A and F. 
ᵇ Pairwise shows cluster F different than Cluster C and D.  
 
Table 1.2 Categories of landowners and comparisons between their demographic and economic characteristics. 
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Name  Educated Young 
Small 
Conventional 
Large 
Conventional 
Money 
Motivated 
Hands-Off 
    
Potential  High High Medium Medium Low Low     
Category  A B C D E F     
n  18 11 22 12 9 7  N Statistical Values 
Hectares willing to convert to MPCs 
        
32 F=0.67 p=0.618 
   average(SD) 
8.5 (12.0) 33.0 (74.7) 6.9 (6.3) 6.8 (6.2) 8.3 (8.3) - 
   
    n 
 
11 7 8 4 2 0 
    
Interest in various MPCsᵃ 
 
2.8 3.4 2.5 2.2 2.0 1.2 
 
79 F=4.75 p=0.0008ᵇ 
Insect control ES valuationᵃ 
 
4.3 3.9 3.6 4.3 4.1 3.1 
 
79 F=3.00 p=0.0161ᶜ 
Biodiversity ES valuationᵃ 
 
3.5 3.7 3.1 2.8 3.8 2.9 
 
94 F=1.53 p=0.19 
Plant ES valuationᵃ 
 
4.0 3.5 3.0 2.6 3.2 1.6 
 
79 F=5.92 p=0.0001ᵈ 
Willingness to plant MPCs after CRP contractᵃ 3.2 3.3 3.1 3.0 2.4 1.4 
 
79 F=3.45 p=0.0074ᵉ 
Willingness to do CRP if harvestableᵃ 4.1 3.9 3.6 3.6 3.1 1.9 
 
79 F=5.51 p=0.0002ᵉ 
Willingness to work with neighborsᵃ 
 
3.8 3.5 3.5 3.4 3.7 2.7 
 
79 F=1.98 p=0.092 
Willingness to participate in perennial networkᵃ 3.7 3.0 3.2 3.2 3.1 2.3 
 
79 F=3.02 p=0.0157ᶜ 
Future involvement in farm managementᵃ 4.3 4.4 4.0 3.6 3.0 2.0 
 
79 F=6.12 p=<0.0001ᵉ 
ᵃ Measured using five-point Likert scale question. 
ᵇ Pairwise shows cluster B different from E, and cluster F from A, B, and C. 
ᶜ Pairwise only shows differences between A and F. 
ᵈ Pairwise shows clusters A and D are different, and cluster F from A, B, C, and E. 
ᵉ Pairwise only shows cluster F different from A, B, C, and D.  
 
Table 1.3 Categories of landowners and comparisons between their preferences, ecosystem service (ES) valuation, and interest in 
various MPCs.  
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Figure 1.1 Map of the Upper Sangamon River Watershed and its counties, located centrally in Illinois.  
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Figure 1.2 The likelihood respondents would participate in various MPCs from definitely would 
not to definitely would (average n=87).  
 
Figure 1.3 The valuation of various ecosystem services by MPCs survey respondents from not 
important to very important (average n=96).
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Figure 1.4 Dendrogram of the Hierarchical Cluster Analysis showing individual respondents in 
6 unique clusters (letters A-F) (R-squared=0.80). Dendrogram branch lengths are proportional to 
the distances between points and clusters when they are combined. The clusters represent the 
landowner categories identified by responses to the survey instrument. The categories fell along 
a continuum of high (A, B), medium (C, D), and low (E, F) adoption potential for MPCs. 
 
Figure 1.5 Boxplots for the age of survey respondents for each landowner category.  
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CHAPTER 2: SOIL EROSION AND SUITABILITY MODEL FOR MULTIFUNCTIONAL 
PERENNIAL CROPPING SYSTEMS IN THE UPPER SANGAMON RIVER WATERSHED, 
ILLINOIS. 
 
2.1 ABSTRACT 
 Pressures on conventionally managed row crop agricultural land to mitigate 
environmental problems has been shifting towards conservation-minded practices. Information 
tools are needed to facilitate the introduction of new land use strategies. This study deploys a 
suitability model for Multifunctional Perennial Cropping Systems (MPCs) implementation on 
agricultural land in Central Illinois. The model is intended for use as a management tool to 
identify and target marginal cropland for potential transition to perennial crop production.  
Model estimations are based on current marginal land definitions and economic feasibility, with 
particular regard to soil erosion distribution and landowner adoption preferences. Maps of soil 
erosion and landscape characteristics were spatially analyzed using GIS and parameterized to 
encode the magnitude of each variable’s effect on MPCs suitability. In the application for the 
Upper Sangamon River Watershed (USRW), the model identified 18,685 hectares of target 
regions for MPCs. A fine spatial resolution allowed identification of subfield areas as well as 
“hot spots” of major occurrences of high suitability. The distribution of target areas was often 
located where crop productivity was low, topographic potential for erosion was high, and edges 
of roads and waterways identified small fields. Erosion was estimated to be over the soil loss 
standard for 26,743 hectares of the watershed, particularly in the northeastern section of the 
watershed and land areas north of the Sangamon River. In a scenario in which landowners would 
implement MPCs on identified target regions, soil erosion was reduced by 56%. Based on 
research goals and current knowledge, this model provides a simple and effective management 
tool for identifying priority areas for MPCs implementation.  
 
2.2 INTRODUCTION 
Land and water quality management in agricultural regions dominated by annual row crop 
production is challenged with mitigating environmental concerns while maintaining high yields 
(Rhoads et al. 2016). Sustainability of current business as usual practices are questionable 
considering climate and economic pressures. Rainfall events, which are critical in dictating 
nutrient and sediment runoff, are predicted to shift in timing and increase in intensity due to 
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climate change (David et al. 1997; IPCC 2014; Reynolds et al. 2016; Pachauri et al. 2016). 
Additionally, soil erosion can impact farm income by reducing crop productivity and yielding 
on- and off-site costs (Lal 2001). These pressures are emphasized on areas where land 
disturbance practices are accelerating hydrologic and biogeochemical processes such as nitrate 
loading into agricultural waterways (Galloway and Cowling 2002; David et al. 2010) and soil 
erosion from sensitive and disturbed lands (Lal 2001; Cambardella et al. 2004).  
To reduce the vulnerability of the natural resources supporting agricultural production and to 
sustain its economic value, improved land use strategies are needed (Rhoads et al. 2016). 
Multifunctional Perennial Cropping Systems (MPCs) are a strategy designed to simultaneously 
achieve regulating services of vegetative buffers and other conservation habitats (Schaefer et al. 
1987; Maisonneuve and Rioux 2001) and production goals for woody crops (Smith et al. 2011). 
Previous studies have developed methods to target regions for productivity and conservation 
initiatives. The LEAF model identifies land capable of harvesting crop residue removal using 
RUSLE and WEPS to model water and wind erosion (Muth and Bryden 2013). Further economic 
analysis of subfield areas with low yield showed net loss of income that could be mediated by 
converting the areas from row-crop production to low-input perennial cover management 
(Bonner et al. 2014; Brandes et al. 2016).  
The work of private enterprises like AgSolver have reinforced the need to identify subfield 
areas with low yield and  net loss of income to make management changes that will increase 
overall cropland profitability (Brandes et al. 2015). Landowners with this economic information 
are highly incentivized to make management changes (Lal 2001, Pattanayak et al. 2003). While 
many land conversion incentives are available through government paid conservation programs 
(Hoppe et al. 2010), the LEAF and AgSolver models have shown that subfield marginal zones 
are easily identifiable with precision agriculture and can facilitate cropland diversification 
(Brandes et al. 2016). As land use strategy option, MPCs offer several types of production and 
scale of operations (Idassi 2012).  
MPCs could be particularly beneficial on marginal lands which are defined based on physical 
land characteristics that make them low yielding and high risk for agriculture (Rhoads et al. 
2016) (Table 2.1). Cation exchange capacity and pH are soil biogeochemical traits that influence 
crop productivity, as well as soil conditions resulting from hydrology and landscape qualities 
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such as slope and water table depth (FAO 1993, SSH 2016). Areas prone to erosion are 
considered marginal due to the decreased land and water quality (David et al. 1997; Anbe 2004). 
Cropland may also be considered marginal as a result of edge effects from roads, streams, or 
natural areas or being in a flood zone where there is a higher risk to plant row-crops that may fail 
(Trozzo et al. 2014; Mattia et al. 2016). Targeted MPCs in these areas could be more effective 
than conservation practices such as cover crops, no-till, mulch-till, and crop rotations that have 
been found to reduce sediment and nutrient loss, but are not optimally implemented on the areas 
producing the greatest sediment and nutrient loads (Her et al. 2016). A map of target regions for 
MPCs used in conjunction with landowner’s subfield economic and yield data may facilitate 
marginal land management decision-making. 
We predict that a MPCs suitability model could identify land that would be ideal for 
converting to productive conservation, based on the environmental benefits for land and water 
quality and economic benefits for landowners. By defining marginal land based on definitions 
that combine landscape characteristics important to both production and conservation, more 
successful solutions may be found (Reisner et al. 2007; El Baroudy 2016). Thus, we present a 
model of MPCs suitability to use as a management tool for targeting marginal cropland for soil 
erosion mitigation and perennial crop production at the scale of a Central Illinois watershed. 
Target regions may be identified at the subfield level for individual landowners, while at the 
watershed scale areas may be found to facilitate cooperatives and connectivity of MPCs. The 
model incorporates the effects of spatial variability of multiple marginal land variables with 
particular regard to soil erosion distribution and landowner adoption potential. Classification of 
marginal land is informed by standards used by the USDA, NRCS, and FAO (Kang et al. 2013) 
with consideration of landowner adoption preferences for marginal land management (Cai et al. 
2011; Mattia et al. 2016). We then model a future scenario that assumes conversion of the 
highest suitability areas to MPCs, to consider the impacts of land use/land cover (LULC) change 
on environmental quality.  
 
2.3 METHODS 
2.3.1 Study Region 
The Upper Sangamon River Watershed (USRW) has been a high focus area for land 
management goals, with dedicated research and initiatives by the Illinois State Water Survey, Ag 
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Watershed Institute, Critical Zone Observatory, and the City of Decatur. The USRW covers 
3,690 km2 and comprises one fourth of the Sangamon River basin, the largest tributary to the 
Illinois River basin  (Singh et al. 2007; Yaeger et al. 2013; Rhoads et al. 2016). The boundary of 
the USRW is delineated by USGS nationwide hydrologic unit code 8, and it lies across eight 
counties in Central Illinois: Champaign, Christian, Dewitt, Ford, Macon, McLean, Piatt, and 
Sangamon (ISWS 2010) (Figure 2.1).  
Central Illinois is in a humid continental climate region averaging about 1000 mm of 
rainfall annually. The geologic history of the USRW manifests in its relatively flat topography as 
a result of repeated glaciation, and mollisol soils rich in organic matter due to prairie being its 
pre-settlement land cover (Singh et al. 2007; Yaeger et al. 2013).  The major soil types in the 
watershed include Drummer silty clay loam, Flanagan silt loam, and Sable silty clay loam 
(NRCS 2016). The predominant land use in the watershed is row crop production (79%), 
covering 2,661 km2 (Figure 2.2) that involves continual disturbance from tilling (IL DOA 2016). 
Other land uses such as urban, forest, open water, and wetlands cover 10.3 percent, 4.9 percent, 
0.7 percent, and 0.3 percent of watershed area, respectively. For crops to be successfully grown, 
tile drainage is needed due to the flat topography and a hardpan subsoil layer (Li et al. 2010; 
Yaeger et al. 2013). Approximately 62 percent of agricultural land uses some type of 
conservation tillage such as reduced-till, mulch-till, or no-till which reduces soil erosion when 
crops are not in the ground (IL transect survey 2015).  
The USRW was identified as a priority watershed in the 2015 Illinois Nutrient Loss 
Reduction Strategy Plan for point and non-point sources and is on the EPA 303d list of impaired 
waters. The watershed has approved pollutant reduction goals to facilitate compliance with the 
EPAs Total Maximum Daily Load (Anbe 2004). Lake Decatur is a reservoir that receives water 
from the USRW and is an important water-supply lake in the watershed (Anbe 2004; Singh et al. 
2007; Yaeger et al. 2013). Lake Decatur has consistently exceeded the Illinois Environmental 
Protection Agency drinking water standard of 10 mg/L of nitrate-N (Keefer and Bauer 2011), 
and an ion-exchange nitrate removal facility began operation in 2002 to remove nitrate-N from 
the city water supply (Keefer et al. 2010). The total lake storage capacity has decreased over time 
and periodically requires dredging at a cost of over $90 million dollars (City of Decatur, 2016). 
Soil erosion control in the watershed is recognized as a solution for decreasing sedimentation and 
improving water quality in Lake Decatur (Keefer et al. 2010). Improving water quality in the 
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watershed is a motivating factor for local and state government entities to explore highly 
implementable alternative agricultural systems such as MPCs for appropriate mitigation (Mattia 
et al. 2016).  
2.3.2 Data Preparation and Model Setup 
The suitability analysis entails weighting and overlaying land characteristics to identify 
the highest suitability areas for productive conservation systems such as MPCs. This model 
defines “suitability” as a location’s potential for conversion to MPCs due to the marginality of 
the cropland based on erosion risk, land characteristics, and landowner adoption potential.  
Modeled spatial soil erosion patterns and land characteristics were analyzed using GIS 
(ESRI 2016) and weighted in accordance with each variable’s effect on MPCs suitability. Three 
predictor variable types were mapped to generate a model of MPCs suitability based on the 
combined effects of spatial variation in landscape characteristics to identify target regions 
(Figure 2.3). To explore the effects of LULC change on land and water quality, annual soil 
erosion was estimated for current land management practices and for a scenario where target 
regions are converted to MPCs.  
2.3.3 RUSLE Model 
To better understand the natural and anthropogenic degradative processes that govern soil 
loss rates, work has been done to model soil displacement from its sources, particularly with 
sediment loss on intensively managed lands as a focus (Lal 2001; Parsons et al. 2004; Rhoads et 
al. 2016; Abban et al. 2016). The RUSLE model is the principal attribute of the suitability 
classification system to assess for spatial patterns of high erosion risk and to estimate the average 
annual soil loss in the USRW under current and projected MPCs land cover scenarios (Uddin et 
al. 2016, Donohue et al. 2007). The RUSLE model was used because it has modest data 
demands, and the revised equations for calculating the erosion factors have made it successful in 
GIS applications (Desmet and Govers 1996; Pandey et al. 2007; Uddin et al. 2016). Improved 
calculating power has made the model widely applicable at different scales (Mitasova et al. 
1996; Van der Knijff et al. 2000) and types of terrain (Simms et al. 2003; Tanyaş et al. 2015; 
Uddin et al. 2016). The quantitative and empirical RUSLE model takes into account land cover, 
climate, and conservation techniques to compute sheet and rill erosion using six soil erodibility 
factors (Uddin et al. 2016, Wischmeier and Smith 1978, USDA 2016) (Table 2.2).   
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Different equations for the Slope Length and Steepness (LS) factor are recommended 
depending on whether slope is greater or less than 9% in order for RUSLE to be more accurate 
for different terrains. The Unit Stream Power Erosion and Deposition method is adequate for 
regions with low relief (Renard et al. 1991; Hoffmann et al. 2013) . In this method, the area of 
upland contributing flow replaces linear distance for slope length calculations to incorporate the 
impact of flow convergence (Gertner et al. 2002; Efe and Ciirebal 2008). Area and LS factor 
calculations were achieved by using the equations outlined in Hoffmann et al. 2013 with a digital 
elevation model (Table 2.2) (Parveen and Kumar 2012; Hu et al. 2016). 
The R factor reflects the erosivity of rainfall events over a location and equations have 
been derived to correlate the R factor with mean annual precipitation (Renard et al. 1991b). 
Erosion factor K values were provided in the gSSURGO soil database (Soil Survey Staff 2016). 
The database provides spatial soil data with associated soil characteristics compiled in several 
tables linked together by keys to maintain unique identifiers. When joining and relating tables, 
information was sorted according to top soil horizon or major soil component. To convert the 
gSSURGO K factor to SI, it was multiplied by 0.1317 (Foster et al. 1981). 
To determine the Cover and Management (C) factor, this study estimated average C 
factor values at the county scale from land management practice data from the 2015 Illinois Soil 
Conservation Transect Survey. The transect survey is a biannual survey in which county Soil and 
Water Conservation District staff visually estimate from the roadside at fixed locations crops 
planted, residue cover, tillage system, and P values. The RUSLE1 software was used to calculate 
C factors for crop and tillage systems that correspond to the residue levels after planting 
observed in the transect survey. Weighted average C factor values for each cropping system and 
county were determined by frequency of practices reported in the transect survey and mapped to 
the 2015 Cropland Data Layer (Table 2.3).  
The P factor reflects the reduction in soil erosion due to conservation support practices 
that actively redirect and reduce the rate of water runoff. In the region of interest there is low 
relief topography, with the average slope 0 to 4%, and conservation support practices such as 
contour farming, strip cropping, and terracing are not frequently practiced. The most common 
erosion reducing practice implemented at a large scale is subsurface drainage, using tile drainage 
lines (Skaggs et al. 1994). To estimate the probability of subsurface drainage areas in the study 
region slope, drainage class, and clay content of the soils were mapped and reclassified to 
31 
 
account for soils with less than 3% slope, poor drainage, and more than 40% clay content, 
respectively (Fraterrigo and Downing 2008). Identified areas with a high probability of having 
subsurface tile drainage was assigned P factor value of 0.6 (Bengtson and Sabbagh 1990).  
All spatial data were projected in the Albers Equal Area coordinate system. Due to the 
varied spatial resolution of the data layers (Figure 2.2), each soil erodibility factor was processed 
with a 1 km buffer around the HUC8 watershed boundary to avoid edge effects and was 
resampled to the 8.5 meter resolution before calculating the A factor. The sensitivity of the 
RUSLE model was also determined by adjusting the factor inputs. The GIS-enabled RUSLE 
model assesses conservation planning at the watershed scale in addition to identification of 
subfield target areas due to the fine spatial resolution. Related work has capitalized on precision 
agriculture and remote sensing technologies to enable subfield decision-making (Bonner et al. 
2014).  
 
2.3.4 Suitability Analysis 
A suitability model was developed to identify target regions with high probability of 
MPCs implementation success (Figure 2.3). Classifications for marginal land characteristics 
were based on definitions and standards of marginal crop land (Table 2.1). Each variable was 
assigned a weight of importance, and each variable’s range of values ranked to encode the 
magnitude of its effect on suitability (Table 2.4). Weights and ranks were based on research data 
and expert input rather than statistical inference. The sum of the product of each ranked variable 
and its weight of importance, divided by the sum of the weights determined suitability (Equation 
1).  
𝑆 =
∑ 𝑊𝑖 𝑅𝑖𝑗
𝑛
𝑖
∑ 𝑊𝑖
𝑛
𝑖
  Equation 1 
Where 𝑆 is the suitability of a grid cell in the model output, 𝑊𝑖is the weght of the ith 
predictor variable, and 𝑅𝑖𝑗 is the rank for the jth value of the ith variable, and the rank of j 
depending on the variable’s value at a given grid cell (Meentemeyer et al. 2004).  
The suitability analysis utilized ArcGIS software with spatial data layers pertaining to 
physical and topographic characteristics such as land use, soil type, and slope. The 2015 
Cropland Data Layer sourced the majority of LULC data (Figure 2.2). It included developed 
areas and roads, as well as natural areas defined by evergreen forest, deciduous forest, woody 
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wetland, and herbaceous wetland. Hydrologic characteristics of the watershed such as streams 
and waterbodies were available from the both the Cropland Data Layer and the Illinois 
Geospatial Data Clearinghouse. The land immediately surrounding waterways, natural areas, and 
roads were characterized as edges and included in the suitability model because landowners in 
the USRW consider cropland along these areas as marginal (Mattia et al. 2016). The model 
incorporated the economic component of marginal cropland by using Crop Productivity Index 
data for Illinois soils (Olsen et al. 2000).  
A secondary run of the RUSLE model was run to determine potential reduction in soil 
erosion by converting marginal land to MPCs (Panagos et al. 2015). Identified target regions 
from the suitability analysis were used to reassign C factor values for the land management 
practices factor.  
  
2.4 RESULTS  
Seven percent of the USRW’s agricultural area, or 18,685 hectares, was identified as very 
suitable land for MPCs (“marginal” for annual row crops). The spatial patterns of high suitability 
for MPCs in the USRW indicated target regions congregated in the northern area of the 
watershed and areas north of the Sangamon River (Figure 2.5). Subfield distribution of target 
areas was often where crop productivity was low, topographic potential for erosion was high, and 
edges of roads and waterways identified small fields (Figure 2.6) 
The RUSLE model estimated an annual soil displacement of 20,639 tons in the USRW per 
year under current agricultural practices (Figure 2.4). Nine percent of agricultural land had 
erosion rates greater than 0.5 tons per ha per year, and 2% (26,743 hectares) had rates greater 
than the soil loss standard of 5 tons per ha per year. High erosion rates were isolated to sloped 
areas of the USRW, with hot spots in the northern region and along waterways. Soils classified 
with low crop productivity index values make up 23% of the USRW total area and are located in 
the northeast region of the watershed in Champaign and Ford Counties. Instances where edges of 
natural areas, waterways, or roads overlapped added 5,585 hectares. Some instances of 
overlapping edges enclosed agricultural fields and identified small field areas.  
The RUSLE model was highly sensitive to the LS factor, emphasizing the importance of 
sloping land as targets for erosion control measures. To assess the impact of converting target 
regions to MPCs, the RUSLE analysis was rerun with the Cover and Management (C) factor map 
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adjusted and all other factors kept the same. The C factor value of any land identified as a target 
region was reassigned a value representative of MPCs (Panagos et al. 2015). In a case where all 
target regions are converted, the adjusted RUSLE model calculated a 60% reduction in annual 
soil loss. Additional results and maps are available in the supplementary materials.  
2.4.1 Limitations 
Soil erosion processes are often initiated at a relatively small scale, thus accuracy of the 
RUSLE model using a GIS is constrained by the quality of is lowest resolution input layer and 
the accuracy of the equations used to derive the soil erodibility factors. The RUSLE model is 
limited in modeling the soil erodibility factors temporally. The rainfall erosivity data is a static 
layer and does not account for differences in intensity for rainfall events, while the other model 
parameters have one to three years of data informing the factor. The spatial resolution of 8.5 
meters provided by the LS factor is within the range expected to provide an accurate model of 
soil erosion patterns (Mitasova et al. 1996; Gertner et al. 2002; Hoffmann et al. 2013). This 
resolution also minimizes a common issue of overestimation of the LS factor (Hoffmann et al. 
2013, Walker and Pope 1983).  
The RUSLE model does not directly model all landscape processes that affect soil 
erosion, such as soil deposition. However portions of the landscape identified as subject to 
deposition or converged flow are excluded from the analysis (Mitasova et al. 1996). Tile 
drainage is a major hydrological control on watersheds (Yaeger et al. 2013), yet the effect of 
modified drainage on routing surface water is not captured by the RUSLE model (Hoffmann et 
al. 2013). Subsurface water flow is only considered in the P factor, where tile drainage is 
included as a practice that reduces surface runoff (Skaggs et al. 1994).  Other studies have 
integrated multiple models with RUSLE to overcome its limitations and more accurately 
estimate hydrological and biochemical processes (Bonner et al. 2014; Parsons et al. 2004; 
Fernandez et al. 2003). Many have greater computational and data requirements and not all use 
GIS (Parsons et al. 2004).  
Sensitivity of the RUSLE model parameters were within the expected range, particularly 
for the LS and C factor, where output could be expected to vary greatly based on the data source 
and derivation method. Error propagation is a concern based on the estimations inherent in the 
data sources and how accurate the data are modeled for characteristics such as mean annual 
precipitation and soil properties (gSSURGO 2016; Thornton et al. 2016). Some validation of the 
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soil erosion estimates was possible through RUSLE1 software results, however the annual 
estimate of soil erosion in the USRW is more reliable as a metric to compare the effect of 
implementing MPCs on land and water quality at the watershed scale (Van der Knijff et al. 
2000). Within the framework of this project, the RUSLE model acts as a conservation planning 
tool for targeting land for MPCs. The study used a watershed that could benefit the most from 
this information tool. 
The suitability model’s criteria selection for marginal land classifications and variable 
weights is subjective to the goals of this study; nonetheless, they severely impact the results of 
the analysis. Low short-term profitability for row crops is the main determinant of opportunity 
lands for MPCs, thus crop productivity index received the highest weighting. The remaining 
variables were weighted more or less based on their relevance to production and conservation 
goals. Correlations between the suitability variables were checked before inclusion in the model. 
None of the chosen variables showed significant correlation, however variables may inherently 
weight land characteristics heavier than assigned.   
 
2.5 DISCUSSION 
The results indicate a considerable amount of land that would be suitable for targeted 
conversion to MPCs. In other predominantly agricultural watersheds, similar research found 
sloping land to contribute to cropland soil erosion and identified marginal land suitable for other 
land uses (Fernandez et al. 2003; Feng et al. 2007). The model identified 26,700 hectares of land 
with high rates of erosion and 266,000 hectares of highly suitable land for conversion to MPCs. 
To consider important marginal land characteristics identified as relevant to landowners when 
adopting alternative land use strategies, the model emphasized field size and proximity to natural 
areas or riparian zones and areas with low productivity for row crops. Small fields one to two 
hectares in size are prime candidates for NRCS conservation programs. These fields are less 
conducive to row crop production for large-scale farmers because they require more time and 
resources per hectare than large rectilinear fields (Doug Gucker, personal communication). We 
suggest these characteristics to identify target regions because of their higher probability of being 
successfully converted to improved land use strategies.  
Often marginal cropland is operated at a net loss (James et al. 2010; Kang et al. 2013), 
and for the majority of landowners a conventional farming mindset would make economic 
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incentives and policy pressures the main drivers (Arbuckle et al. 2009; Mattia et al. 2016). 
Precision agriculture enables subfield decision-making concerning areas of net losses and 
provides economic incentive to take marginal land out of conventional production (Bonner et al. 
2014). The subfield detail of the MPCs suitability map used in conjunction with precision 
agriculture technology can assist land management decisions. The suitability map can be an 
information tool to introduce stakeholders and landowners to multifunctional and productive 
cropping systems, and because the MPCs suitability map covers a larger scale than a farm parcel, 
it can facilitate efforts to promote connectivity or cooperatives across the watershed (Downing et 
al. 2005). 
Consideration of landowner adoption preferences required going beyond modeling 
physical land characteristics. While there is high diversity of landowner types in the study region 
coming from a variety of socio-economic backgrounds, the characteristics that are most 
important for determining successful MPCs adoption were represented in the suitability model 
(Mattia et al. 2016). As research progresses, incorporation of spatial references for socio-
economic factors, such as occupational status, age, and education, may enhance the model’s 
predictive power. Trends regarding agricultural landowners have shown increasing age and 
decreasing farm sizes. The change in composition and structure of decision-makers for LULC 
change has substantial impact on the types of land use strategies likely to be adopted (Petrzelka 
and Armstrong 2015; Varble et al. 2016). Additionally, MPCs can utilize many species, and 
inclusion of species suitability into the model could provide a decision-making tool for 
landowners (Reisner et a. 2007, Idassi 2012). 
 
2.5.1 Contributions 
Planners and stakeholders could consider MPCs to facilitate land management goals. 
Precedent has shown that changing LULC have measurable effects on hydrology of watersheds 
by influencing runoff and transpiration (Creed et al 2014, Foley et al 2003) (Donohue 2007; 
Yaeger et al. 2013). Additional impacts of MPCs may be seen as the systems mature, as 
afforestation has been found to reduce cumulative runoff (Zhou et al 2002) and influence water 
retention and water yield in watersheds (Farley et al. 2005, Nui and Duiker, 2005; Huang et al. 
2003). Diversity in forest cover and farm operations can increase resilience to climate change 
(Kremen et al. 2012; Nair and Garrity 2012; Creed et al 2014). With regards to the water quality 
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issues in Lake Decatur, nutrient losses from cropland can be reduced with perennial cover 
(Fraterrigo and Downing 2008; McIsaac et al. 2010, Smith et al. 2013). The nitrogen load from 
tile drained corn soy rotation is about 20-30 kg N per ha per year, and the load from perennial 
systems is 2-3 kg N per hectare per year (McIsaac et al. 2010). Implementation of MPCs on 
target areas could reduce nitrate loadings by 90%.  In addition to reduction of soil erosion and 
nutrient loading, diversification of farm operations and production of local food can benefit rural 
development (Rosset and Martínez-Torres 2012; Liebman et al. 2013). Specifically, the MPCs 
suitability model shows regions of the watershed where implementation efforts by stakeholders 
such as NGOs, government officers, and university extension may prove most successful in 
aiding marginal land management decision-making.  
2.5.2 Future directions 
The effort to implement MPCs works alongside a collective of initiatives to improve 
short- and long-term resilience of ecological, hydrological, and climatic ecosystem services 
using new management strategies (Rhoads et al. 2016; Lovell et al. 2017). Conservation goals 
are met where improved land uses are effectively applied, however production goals require 
additional effort to ensure sustained success. With a market infrastructure in place, landowners 
are incentivized to make long-term investments with producers and consumer networks. To 
provide the production and economic information regarding MPCs, long term field trials have 
been established (Lovell et al. 2017). In addition, landowners in the study region are working 
with researchers in designing a variety of land use scenarios for their farms. A field guide for 
implementing MPCs is in development and will soon be available to educators and landowners. 
As a whole these initiatives have begun to capture all aspects of implementing MPCs in a 
socially, environmentally, and economically feasible way.  
 
2.6 CONCLUSIONS 
We hypothesize that conversion of marginal lands is the first step to improve land use 
strategies for both production and conservation, and the targeted regions identified from the 
suitability analysis provide an information tool for the stakeholders in the watershed including 
extension, researchers, and NGOs. Central Illinois has some of the most productive soils, yet a 
considerable amount of marginal land was identified as suitable for MPCs and implies this could 
be the case across the Midwest. Given the vast use of row crop production, MPCs could have 
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significant impact on the landscape by providing ecosystem services and socio-economic 
benefits.  
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2.7 TABLES AND FIGURES 
 
Soil Properties Units Marginal Condition Marginal Condition Source Data Source 
Soil pH pH <4.5, >8.4  FAO 1993; SSH: 622- 15-22 gSSURGO 
Cation Exchange Capacity meq/100g <14 
Title 8 (2008); Based on distribution of values 
in watershed 
gSSURGO 
Sand content  % >90 , >55 
USDA-NRCS (2010); Based on distribution of 
values in watershed 
gSSURGO 
Flood frequency- Dominant 
Condition 
- Occasional [1], Frequent [1] SSH: 622- 15-19 gSSURGO 
Pond frequency - Presence % >15 Based on distribution of values in watershed gSSURGO 
Water Table Depth cm <50   FAO 1993, Table 8 gSSURGO 
Crop Productivity Index - <116 Bulletin 811, 2000 
Bulletin 811 
http://soilproductivity.nres.illinois.edu/ 
Riparian - 50 m buffer - 
National Hydrography Dataset  
http://nhd.usgs.gov/ 
Roadsides - 50 m buffer - 
USDA Geospatial Clearinghouse  
http://datagateway.nrcs.usda.gov/ 
Natural Areas - 50 m buffer - 
Cropland Data Layer 
http://www.nass.usda.gov/ 
 
Table 2.1 Defined characteristics of the marginal land variables used to classify land suitable for conversion to Multifunctional 
Perennial Cropping Systems. Table adapted from Kang et al. 2013. 
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Factor Equation Units Reference Spatial Data Source Resolution Accessed 
Annual soil loss (A) A= R*K*LS*C*P ton/(ha*year) 
Wischmeier and 
Smith 1978 
  8.5m x 8.5m   
Rainfall erosivity (R) R = 587.8-1.219*P+0.004105*P2   MJ*mm/(ha*hr*yr) 
Renard and 
Freimund 1991 
Daymet annual precipitation, 
https://daymet.ornl.gov 
1km x 1km;  
2001-2015 
Nov 15 2016 
Soil erodibility (K) 
K= [2.1*10-4(12-OM) 
M1.14+3.25(s-2)+2.5(p-3)] /100  
t*ha*h/(ha*MJ*mm) 
Wischmeier and 
Smith 1978 
gSSURGO soils database, 
https://gdg.sc.egov.usda.gov 
10m x 10m;  
2016 
Nov 16 2016 
Slope length and steepness (LS) 
L=(λ/22.13)m;  
S= (sinθ/0.09)n 
ratio to unit plot* 
Oliveira et al. 
2015  
TopoLens DEM, 
https://wiki.cigi.illinois.edu 
8.5m x 8.5m, 
2016 
Sept 20 2016 
Crop management (C)** Ratio ratio to unit plot* 
Wischmeier and 
Smith 1978 
Cropland Data Layer, 
https://www.nass.usda.gov 
30m x 30m, 
2015 
Dec 7 2016 
Conservation practice (P)*** Ratio ratio 
Wischmeier and 
Smith 1978 
Cropland Data Layer, 
https://www.nass.usda.gov 
30m x 30m, 
2015 
Dec 7 2016 
 *      Standard unit plot, defined as a 22.1m slope length of uniform 9% slope steepness 
 **    2015 Illinois Transect Survey, Illinois Department of Agriculture; RUSLE1 (www.ars.usda.gov) 
***   gSSURGO soil characteristics 
 
Table 2.2 Definitions of the soil erodibility factors of the RUSLE model and their data sources. 
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Cropping System a  Corn – Corn Soybean – Soybean Corn - Soybean Rotation Hay b Small Grain c 
%  Residue Tillage Residue Tillage Residue Tillage Tillage Residue Tillage 
Conventional  11 24 8 16 9.5 27 - - 8 
Reduced  23 42 17 59 20 26 100 22 23 
Mulch  45 31 40 14 33.5 33 - - 23 
No-Till  60 3 58 12 64.5 14 - 67 46 
Weighted C Factor  
         
Champaign  0.102 0.218 0.144 0.078 0.056 
Christian  0.110 0.165 0.147 0.078 0.169 
De Witt  0.068 0.158 0.111 0.078 - 
Ford  0.092 0.196 0.140 0.078 0.113 
Macon  0.081 - 0.139 0.078 0.119 
McLean  0.092 0.155 0.128 0.078 0.085 
Piatt  - 0.175 0.145 0.078 - 
Sangamon  0.096 0.152 0.121 0.078 - 
a Specialty crops assigned 0.14 and MPCs assigned 0.009 (Panagos et al. 2015), CRP values assigned 0.003 and calculated with tall  
grass prairie 
b Alfalfa, average 7 years including establishment 
c Spring wheat following soybean 
 
Table 2.3 Weighted annual C factor values from RUSLE1 software using 2015 Illinois Soil Conservation Transect Survey for each 
county of the Upper Sangamon River Watershed. 
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Name Wi Rij Cell Value Units 
Crop Productivity Index 6 1 127-130 - 
    2 117-126  
    3 69-116  
A- Annual Soil loss 5 1 0-0.5 tons/ha/year 
    2 0.6-4.9  
    3 5.0-136  
Flood frequency 4 1 none - 
    1 rare  
    2 occasional  
    3 frequent  
Riparian Areas 4 3   50m 
Natural Areas   2   50m 
Roadsides   1   50m 
Sand content  3 1 0-22 % 
    2 23-55  
    3 56-91  
Cation Exchange 
Capacity 
3 1 24-133 meq/100g 
    2 15-23  
    3 1.6-14  
Pond frequency  2 1 0-5 % 
    2 6 to 14  
    3 15-100  
Water Table Depth 2 1 90-190 cm 
    2 50-90  
    3 7.0-51  
Soil pH 1 1 6.2-6.5 pH 
    2 5.5-6.2, 6.5-8.2  
 
Table 2.4 Weights and ranks for the suitability analysis variables.  
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Figure 2.1 The Upper Sangamon River Watershed and its eight counties, located centrally in 
Illinois. 
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Figure 2.2 Land use and land cover in the study region, illustrating the extent of agriculture 
within the watershed boundary (Cropland Data Layer Map 2015).   
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Figure 2.3 Illustration of variables included in the suitability analysis to target regions to 
implement MPCs. 
 
Figure 2.4 Soil erodibility factor maps (a, b, c, d, and e) and the spatial patterns of soil erosion in 
the USRW (f), estimating an average annual soil loss of 24,500 tons per year. 
(a)  (b)  
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Figure 2.4 continued. 
(c)  (d)  
 
(e) (f)  
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Figure 2.5 Suitability of agricultural land in the USRW for MPCs based on marginal land 
characteristics emphasizing areas of high soil erosion and low crop productivity. 
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Figure 2.6 Result of the suitability analysis showing identified target regions for MPCs.  
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APPENDIX A: SURVEY SUPPLEMENTARY MATERIAL 
 
MPCs Variable n value Ag Census n value 
Respondents (count) 
 
120 Population (count) 
 
10062 
Hectares Leased Out n=54 
 
Acres Leased Out* n=13748
8  Mean 
 
115.3 
  
51.4 
SE 
 
28.6 
  
- 
Distribution (%) 
     <49 ha 
 
27.8 
   50-179 ha 
 
37.0 
   180-499 ha 
 
22.2 
   500-999 ha 
 
9.3 
   >1000 ha 
 
3.7 
   Hectares Rented From n=26 
 
Acres Rented From n=970 
 Mean 
 
290.2 
  
237.7 
SE 
 
30.5 
  
- 
Distribution (%) 
     <49 ha 
 
19.2 
   50-179 ha 
 
23.1 
   180-499 ha 
 
3.8 
   500-999 ha 
 
19.2 
   >1000 ha 
 
34.6 
    
Table A.1 Reporting of leased farmland acres and comparison between MPCs respondents and 
the USRW counties and Illinois populations (USDA NASS 2012). *Reporting of NASS data in 
parallel formats or at county level not available; Illinois statewide data acres leased out in place 
of county level data (USDA NASS 2012). 
 
Definition n 
% of 
respondents  
Mean SD 
Owns farmland and 
leases land to others 
25 26.6% 
% of land leased out to 
others of those owned 
81.6 29.9 
Owns farmland and rents 
additional land from 
others 
48 51.1% 
% of land rented from 
others of those operated 
63.9 28.8 
Owns farmland only 20 21.3%    
 
Table A.2 Reporting of leased farmland acres of the MPCs survey respondents based on the 
acres they own, lease out to tenants, and/or rent from other landowners. 
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Question n % 
What incentives are needed for MPCs adoption? n=94  
    More information  54.3 
    Tax exemption  21.3 
    Existing market  21.3 
    Free plant material  9.6 
    No incentive needed  4.3 
Excluding economics, what would motivate you to try MPCs? n=89  
    Soil management  74.2 
    Water quality  50.6 
    Reduced inputs and tractor use  44.9 
    Biodiversity benefits  40.4 
    Recreational/cultural benefits  25.8 
 
Table A.3 Incentives and motivators for adopting MPCs. 
 
Figure A.1 The preferred sources of information for respondents when faced with a farm 
management question or concern, n=54.  
 
Academic
17%
Supplier
28%
Peers
19%
Government 
entities
20%
Extension
12%
Online Resources
4%
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Equation A.1 The error sum of squares is used as a measure of information between clusters 
during hierarchical clustering procedures (Ward 1963). 
ESS = ∑ 𝑥𝑖
2
𝑛
𝑖=1
−
1
𝑛
(∑ 𝑥𝑖
𝑛
𝑖=1
)2 
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APPENDIX C: MAPPING SUPPLEMENTARY MATERIAL 
 
C.1 Complete methodology for GIS RUSLE model  
The Slope Length and Steepness (LS) Factor accounts for the effect of topography on soil 
loss through sheet and rill erosion, and it combines slope length (L) and slope steepness (S). It is 
the ratio of soil loss from the study area to the soil loss from a standard unit plot under the same 
conditions (Wischmeier and Smith 1978, Foster 1977). The first equations were proposed by 
Wischmeier and Smith 1978, and subsequent equations improved the accuracy of the equations 
to account for erosion on higher relief topography (Van Remortel et al 2001; Desmet and Govers 
1996; Mitasova et al 1996). 
Different equations for slope steepness are recommended depending on whether slope is 
greater or less than 9% in order for RUSLE to be more accurate for different terrains. The Unit 
Stream Power Erosion and Deposition method is adequate for regions with low relief (Renard, 
USLE revised; Pelton 2014, Moore and Wilson 1992, Oliveira et al 2013). In this method, the 
area of upland contributing flow replaces linear distance for slope length calculations to 
incorporate the impact of flow convergence (Efe et al, Pelton et al 2014, Gertner et al. 2002). 
Area calculations are achieved by using a digital elevation model (DEM) (Parveen and Kumar, 
Van der Kniff, Uddin 2016). Elevation data is typically best at as fine scale a resolution as 
possible and LiDAR data at a resolution of 8.5 meters was available from TopoLens (Hu et al. 
2016). Slope, flow direction and flow accumulation were calculated from the DEM, from which 
the LS factor could be derived using the equations outlined in Oliveira et al. 2013 (Equations 1 
and 2).  
𝐿 = (𝑚 + 1) (
𝜆𝐴
22.13
)
𝑚
 Equation 1 
Where 𝐿 is the slope length factor at some point on the landscape, 𝜆𝐴 is the area of upland 
flow, 22.13 is the standard unit plot length, and 𝑚 is an adjustable value depending on 
the average slope gradient of the study region (Uddin et al. 2016). 
𝑆 =  (
sin(0.01745×𝜃𝑑𝑒𝑔)
0.09
)
𝑛
 Equation 2 
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Where θ is the slope in degrees, 0.09 is the standard unit plot slope, and 𝑛 is an 
adjustable value depending on the soil’s susceptibility to erosion.  
The Rainfall Erosivity (R) factor reflects the erosivity of rainfall events over a location based on 
mean annual rainfall (Wischmeier and Smith 1978). Correlation between the R factor and mean 
annual precipitation is given in Equation 3 and was determined by using U.S. monthly 
precipitation data from 1951-1980 (Renard and Freimund 1994).  
𝑅 = 578.8 − 1.219𝑃 + 0.004105 𝑃2 Equation 3 
Where P is mean annual precipitation (mm) and R is in (MJ mm/ ha -1 h -1 year -1) for 
locations with mean annual precipitation > 850 mm. 
Data was sourced from the Daymet Version 3 annual summary climatologies at a 1 kilometer 
spatial resolution for annual total precipitation (Thornton et al. 2016). Precipitation was averaged 
over the time period of 2001 to 2015, for which the average rainfall for the USRW was 1047 
mm/year (Thornton et al. 2016).  
The Soil Erodibility (K) factor quantifies the susceptibility of soil particles to detachment and 
transport by rainfall and runoff (gSSURGO). K factor values are determined from direct 
measurements on runoff plots where soil and topography are uniform within the plot, and adhere 
to the standard unit plot size. The variability of soil erosion rates are due to physical soil 
characteristics: soil texture, organic matter, soil structure, and soil depth (Agriculture Handbook 
703, Renard et al. 1997). Erosion factor K values were provided in the gSSURGO soil database, 
available from the USDA NRCS SSURGO. The database provides spatial soil data with 
associated soil characteristics compiled in several tables linked together by keys to maintain 
unique identifiers. When joining and relating tables, information was sorted according to top soil 
horizon or major soil component. To convert the gSSURGO K factor to SI it was multiplied by 
0.1317 (Foster et al 1989).  
The Crop Management (C) factor represents the erosion on different cropping systems and 
tillage practices relative to a freshly tilled, bare fallow condition (Wishmeier and Smith 1978). 
The RUSLE was originally used for farm fields, where specific practices such as crop rotations, 
cover crops, residue management were detailed at the field scale, and C factor values were 
computed using the software program for RUSLE1. In this study, estimation of average C factor 
values at the county scale used land management practice data from the 2015 Illinois Soil 
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Conservation Transect Survey. The transect survey is a biannual survey in which county Soil and 
Water Conservation District staff visually estimate from the roadside at fixed locations crops 
planted, residue cover, tillage system, and P values. From these data and previously determined 
estimates of slope, slope length, and soil type, annual soil loss was calculated for each location 
using both USLE and RUSLE1. The RUSLE1 software was used to calculate C factors for crop 
and tillage systems that correspond to the residue levels after planting observed in the transect 
survey (Table 3). Recent crop yields and residue production have been greater than the 
maximum values in the RUSLE1 software, and additional residue applications were input to 1 to 
account for increased yields over time. Weighted average C factor values for corn following 
corn, soybean following soybean, corn soybean rotation, and small grains were determined in 
each county by frequency of tillage system reported in  the transect survey and mapped by 
joining data with the 215 CDL (Table 2.3).  
The Conservation Practice (P) factor reflects the reduction in soil erosion due to conservation 
support practices that actively redirect and reduce the rate of water runoff, and it is the ratio of 
soil loss from an area with a support factor to that of one with strait-row farming up and down 
the slope (Wischmeier Smith 1978). In the region of interest there is low relief topography, with 
the average slope 0 to 4%, and conservation support practices such as contour farming, strip 
cropping, and terracing are not frequently practiced. The most common erosion reducing practice 
implemented at a large scale is subsurface drainage, using tile drainage lines (Skaggs et al. 
1994). Documentation of land area with tile drainage is limited, thus efforts have been made to 
estimate the areas of land with a high probability of having subsurface drainage (Fraterrigo and 
Downing 2008, WRI). To predict drainage areas in the study region slope, drainage class, and 
clay content of the soils were mapped and reclassified to account for soils with less than 3% 
slope, poor drainage, and more than 40% clay content, respectively (Fraterrigo and Downing 
2008, 703, USLE Handbook). Land under corn soy production were identified from the CDL to 
ensure only cropland was considered. Identified areas with a high probability of having 
subsurface tile drainage was assigned P factor value of 0.6 (Handbook 703 Soil Erosion, pg 215, 
Bengston and Sabbagh 1990). 
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Table C.1 RUSLE results for the soil erodibility map layers with 8.5 meter cell resolution. 
Factor Units Value Range Mean SD 
Annual soil loss (A), Scenario 1  ton/(ha*yr) 0 - 135.94 0.342 1.753 
Rainfall erosivity (R) MJ*mm/(ha*hr*yr) 3258 - 4445 3817.070 184.957 
Soil erodibility (K) t*ha*h/(ha*MJ*mm) 0.0026 - 0.0645 0.039 0.007 
Slope length, slope steepness (LS) ratio 0 - 10.71 0.03 0.152 
Crop management (C) ratio 0.003 - 0.218 0.143 0.040 
Conservation practice (P) ratio 0.6 - 1 0.646 0.127 
 
Table C.2 Details of the suitability analysis variables. 
Name Wi Rij Cell Value Units Class 
Variable 
Statistics 
Crop Productivity 
Index 
6 1 127-130 - yield min 69 
    2 117-126     max 130 
    3 69-116     mean 120.8 
            SD 8.7 
A- Annual Soil loss 5 1 0-0.5 ton/(ha*year) RUSLE min 0 
    2 0.6-4.9     max 135.9 
    3 5.0-136     mean 0.3 
            SD 1.8 
Flood frequency 4 1 none text (%) physical % 94.4 
    1 rare       0.4 
    2 occasional       0.3 
    3 frequent       5.0 
Riparian Areas 4 3   50 m buffer edge     
Natural Areas   2   50 m buffer edge     
Roadsides   1   50 m buffer edge     
Sand content  3 1 0-22 % physical min 0 
    2 23-55     max 91 
    3 56-91     mean 7.0 
            SD 6.2 
Cation Exchange 
Capacity 
3 1 24-133 meq/100g geochemical min 1.6 
    2 15-23     max 132.5 
    3 1.6-14     mean 23.2 
            SD 5.1 
Pond frequency  2 1 0-5 % physical min 0 
    2 6 to 14     max 100 
    3 15-100     mean 41.6 
            SD 43.9 
Water Table 2 1 90-190 cm physical min 7 
    2 50-90     max 190 
    3 7.0-51     mean 41.1 
            SD 32.5 
Soil pH 1 1 6.2-6.5 pH geochemical min 5.5 
    2 5.5-6.2, 6.5-8.2     max 8.2 
            mean 6.4 
            SD 0.4 
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Figure C.1 Normalized depiction of the sensitivity of the RUSLE model output, the A factor, to 
the RUSLE soil erodibility factors. Increments to test the model sensitivity were determined by 
evaluating the reasonable range for each factor (Table C.1) then dividing by 10. The LS factor 
was found to be most sensitive and explored further with smaller increments. 
 
 
 
